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76a Sunday, March 6, 2011between conformational changes in single molecules and other effects caused
by dye photophysics or multimers.
Single molecule FRET measurements were conducted on a series of immobi-
lized double-stranded and G-quadruplex DNA molecules using a widefield mi-
croscope. Donor (Cy3/TMR) and acceptor (Cy5) molecules were both excited
via an alternated laser excitation scheme. The double stranded DNA samples
serve as molecular standards and G-quadruplex DNA structures, in this context,
are interesting as they show large conformation diversity.
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Twist/Writhe Partitioning in DNA Minicircles
Mehmet Sayar, Alkan Kabakcioglu, Baris Avsaroglu.
Here we present a systematic study of supercoil formation in DNA minicircles
under varying linking number by using molecular dynamics simulations of
a two-bead coarse-grained model. Our model is designed with the purpose of
simulating long chains without sacrificing the characteristic structural proper-
ties of the DNA molecule, such as its helicity, backbone directionality and
the presence of major and minor grooves. The model parameters are extracted
directly from full-atomistic simulations of DNA oligomers via Boltzmann in-
version, therefore our results can be interpreted as an extrapolation of those
simulations to presently inaccessible chain lengths and simulation times. Using
this model, we measure the twist/writhe partitioning in DNA minicircles, in
particular its dependence on the chain length and excess linking number. We
observe an asymmetric supercoiling transition consistent with experiments.
Our results suggest that the fraction of the linking number absorbed as twist
and writhe is nontrivially dependent on chain length and excess linking num-
ber. Beyond the supercoiling transition, chains of the order of one persistence
length carry equal amounts of twist and writhe. For longer chains, an increasing
fraction of the linking number is absorbed by the writhe.
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Mechanical Analysis Methodology for DNA Minicircles Observed by
Cryo-Em
Todd D. Lillian, Troy Lionberger, Davide Demurtas, Julien Dorier,
Andrzej Stasiak, Edgar Meyhofer, Noel Perkins.
Recent cryo-electron microscopy (cryo-EM) images of DNAminicircles, about
100 basepairs in length, provide a new perspective on the mechanics of DNA. In
essence, the resultant 3-dimensional reconstructions capture the mechanically
deformed state of the double helix at an instant in time. Such deformations
may include sites with high bending and/or torsional flexibility that could result
from the tight bending required to cyclize, superhelical stress, and thermal fluc-
tuations. Unfortunately, these reconstructions resolve only the DNA helical axis
and provide no information about (i) how to register their known basepair
sequencewith the reconstruction and (ii) how torsional deformations are distrib-
uted along the length of the minicircle. In addition, the experimental procedures
are complicated and consequently limit the the number of reconstructed mini-
circles to about 20. Our objective is to understand the mechanics of these
DNA minicircles, and specifically, to develop a method capable of detecting
the presence of kinks or torsional destabilizations in their cryo-EM reconstruc-
tions. To this end, we developed a modal analysis approach to describe the me-
chanics of DNA minicircles. In our method, we use the thermal modes of
a homogeneous elastic rod representation for circular DNA to assign modal
amplitudes to each reconstruction. The distribution of modal amplitudes for
a population ofminicircles provides a unique ‘signature’ dependent upon several
variables, including superhelical density and the presence of kinks or torsional
destabilizations. To test our method and predict these signatures, we developed
a statistical mechanics model to simulate ensembles of DNA minicircles. This
model can represent sequence dependence (elasticity/curvature) and prescribed
kinks or torsional destabilizations. Our preliminary analysis suggests that the
observed signatures are inconsistent with a homogeneous elastic rod and thereby
implicate the role of sequence dependence, kinks or torsional instabilities.
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Temperature Dependence of DNA Persistence Length
Stephanie Geggier, Alexander Kotlyar, Alexander Vologodskii.
We have determined the temperature dependence of DNA persistence length,
a, using two different methods. The first approach was based on measuring the
j-factors of short DNA fragments at various temperatures. Fitting the mea-
sured j-factors by the theoretical equation allowed us to obtain the values
of a for temperatures between 5 and 42 C. The second approach was based
on measuring the equilibrium distribution of the linking number between
the strands of circular DNA at different temperatures. The major contribution
into the distribution variance comes from the fluctuations of DNA writhe in
the nicked circular molecules which are specified by the value of a. The com-
putation-based analysis of the measured variances was used to obtain the
values of a for temperatures up to 60C. We found a good agreement betweenthe results obtained by these two methods. Our data show that DNA persis-
tence length strongly depends on temperature and accounting for this depen-
dence is important in quantitative comparison between experimental results
obtained at different temperatures.
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Sequence Dependence of DNA Persistence Length
Stephanie Geggier, Alexander Vologodskii.
It is vital for many aspects of DNA-protein interaction to know how DNA
bending rigidity depends on its sequence. In particular, this is important for
understanding how nucleosomes position along DNA molecules. Although
the problem has been discussed for decades, it remains unsolved. The main
difficulty is that one has to measure the rigidity constants for DNA molecules
of different sequences with very high accuracy. The only known method that
provides the needed accuracy is based on cyclization of short DNA fragments.
Here we used the method to find how DNA bending rigidity depends on its
sequence. We addressed the problem using the dinucleotide approximation,
in which particular values of rigidity constants are assigned to each of 10 dis-
tinct dinucleotide steps. We prepared DNA fragments, about 200 bp in length,
with various quasi-periodic sequences, measured their cyclization efficiency,
and fitted the data by a theoretical equation to obtain the bending rigidity con-
stant (or persistence length). By combining the data for all fragments we were
able to extract a full set of rigidity constants. To test the resulting set of con-
stants we used it to design DNA sequences that should correspond to very low
and very high values of a, prepared the corresponding fragments and deter-
mined their values of a experimentally. We obtained remarkably close agree-
ment between the measured and calculated values of a, proving that we have
found the correct solution of this long-standing problem. This result opens
new opportunities to test different models of sequence specificity of DNA-
protein interaction.
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The Mean Looping Time of DNA
Assaf Amitai, Ivan Kupka, David Holcman.
Inmanygeneexpressionsystems, aprotein locatedon theDNAcanaffect theexpres-
sion of a gene far along the chain. It has been recognized that theDNAcan form tran-
sient loops, bringing a specific regionof the gene close to another. Thus, transcription
can be activated when a transcription factor is positioned far away from its site. The
frequency of bending is a characteristic time scale of the activation process.
The mean time for a DNA molecule to loop, bringing together two sites, is
a fundamental factor that we studied. Various approximations have been
used to model polymers. Interestingly, dsDNA has been found to be well de-
scribed by the standard Rousemodel, in which the polymer is described as a col-
lection of bead monomers connected by harmonic springs. The Rouse model is
relevant when the sites are at a distance considerably bigger than the DNA per-
sistence length. When the distance between the sites is of several persistence
lengths, the semi-flexible chain model is better suited to model the DNA
dynamics. The polymer chain is subjected to random independent motion
(Brownian motion). When the two monomers come closer than a certain dis-
tance, interaction takes place and the monomers connect. We assumed that
the interaction rate is much faster than the encounter time, thus the process
ends with the first encounter of the monomers. This allowed us to compute
the asymptotic formula for the mean encounter time in the two models. We
obtained precise estimates for this mean first encounter time in two and three
dimensions. Brownian simulations confirm our formulas and we discuss conse-
quences of our results for random gene activation in the nucleus.
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The Effect of Monovalent Cations on the Thermal Stability of Small DNA
Oligomers with Internal Loops
Nancy C. Stellwagen, Paul J. Barnard.
Although the effect of monovalent cations on the thermal stability of nucleic
acid duplexes has been studied for many years, relatively little is known about
cation effects on the stability of DNAs or RNAs with internal loops. We have
therefore investigated the thermal stability of the DNA analog of the let-7 mi-
croRNA::lin-41 messenger RNA complex from C. elegans, which contains an
asymmetric internal loop that kinks the helix backbone1. A DNA construct con-
taining a symmetric internal loop at the same site was also studied, as well as
a fully base-paired control. The melting temperatures of the two oligomers with
internal loops are equal at low ionic strengths in solutions containing Naþ ions.
However, the melting temperature of the oligomer with the asymmetric loop is
~2C higher in solutions with Naþ ion concentrations greater than ~100 mM.
The melting temperature of the oligomer with the asymmetric loop is also
~2C higher than the oligomer with the symmetric loop when the solution con-
tains Kþ ions. Binding studies indicate that both oligomers with internal loops,
as well as the duplex control, bind Naþ ions weakly, with an average
